Kinetic and chemical properties of ATP sulphurylase from Penicillin chrysogenum.
Adenosine triphosphate sulphurylase (ATP: sulfate adenylyltransferase, EC 2.7.7.4.) has been purified from the filamentous fungus. Penicillium chrysogenum, and characterized physically, kinetically, and chemically. The P. Chrysogenum enzyme is an octomer (mol. wt. 440 000) composed of eight identical subunits (mol. wt. 55 000). Some physical constants are S20,w = 13.0 X 10(-13)s, D20,w = 2.94 X 10(-7) cm2 X s-1, v = 0.733 cm3 X g-1, A1%1cm = 8.71 at 278 nm. The enzyme catalyses (a) the synthesis of adenosine 5'-phosphosulphate (APS) and MgPPi from MgATP and SO2-4, (b) the hydrolysis of MgATP to AMP and MgPPi in the absence of SO2-4, (c) Mg32PPi-MgATP exchange in the absence of SO2-4, (d) molybdolysis of MgATP to AMP and MgPPi, (e) synthesis of MgATP and SO2-4 from APS and MgPPi, and (f) Mg32PPi-MgATP exchange in the presence of SO2-4. The Vmax values of reactions (a)-(c) are about 0.10-0.35 mumole X min-1 X mg enzyme-1. The Vmax values of reactions (d)-(f) are about 12-19 mumole X min-1 X mg enzyme-1. The catalytic activity of the enzyme in the direction of APS synthesis is rather low (0.13 unit X mg protein-1, corresponding to an active site turnover number of 7.15 min-1). However, the ATP sulphurylase content of mycelium growing on excess SO2-4 is 0.22 unit X g dry wt.-1, which is sufficient to account for the maximum in vivo rate of SO2-4 assimilation. The normal catalytic reaction is Ordered Bi Bi with A = MgATP, B = SO2-4, P = MgPPi, and Q = APS. Several lines of kinetic evidence suggest that the E.MgATP and E.APS complexes isomerize (to E approximately AMP.MgPPi and E approximately AMP.SO4, respectively) before the second substrate binds. Chemical modification studies have disclosed the presence of essential arginine, histidine, carboxyl, and tryosine residues. The latter is rather acidic (pKa = 7 or less). Nitration of the tyrosine increases the Km for MgATP without significantly affecting Kia for MgATP or Vmaxf. This result, and the fact that MgATP plus nitrate protects the enzyme against inactivation by tetranitromethane while MgATP alone does not, suggests that the essential tyrosine plays a role in nucleotide isomerization (perhaps as an adenylyl acceptor).